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23 xR shtelt), ME W pHZE A28 23 E o]0} 3l
olfrZE, WA 2 E9E glohd AE7L BEL 3R
et Y92 DNA BAlel Tl FA433 AA7 i0)e
Ekof ol RIZIEY| wiol] o|E A ¥4 7FES A=
7F&s7] HlsiA 841 pH 28 o] "4Ao|th(12,17). FHA)
2y, NEY G249 vhe4 5= pHY| &S] ) gRbe] o
&8}= phosphofructokinase= S|G4 rate-limitingS 233}
= FRLAY A EUY] o F AL Ak E Hil e
ATt S wke-Rth4). Ak o g Al WY Yol
Al pHZE ol AAHR] AR E getr] S8 &
8] K* channel®] 7% MXujel pHZ} AHEEUA K
conductance”} F43] "olZtiil daiA o13). PR E
Ca** channel?} M X9} A|Z7te] 5418 FF3h= gap junction?]
715 % pH] wsld] 9gaA) vhEIh(19). o B e A¥F
718 & & e, AEFTI AIFEEG] A A P’ 8
gt A3 {715 3tk F27) 29 pHE B2 e
AFEe) pHel Blgte itk ol MEU pHE A7) Z71HA)
7% GO/GL Al71ell e HIEE SAIZIZ ABEE Zlos nje
o] 12t = it} JASA 2HEE AXW pHIF AEARZ
A 22 wlAlA e GEw 316,20, 0% AALe} YAl 4
A= pH7t 583 98-S $385t1 ok
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& Eshe S ARt gvte] 2AA B Skske
HolFES Fehia O FAE EIEATHEE). Zel F &
F9 F34 5 SHC1CE HHg A28 532 1539719 &
712 o]FoiA glon s BARE 56.5kDaoltt o] £
A= Az 71" ol BT Flog FHHYOY 1 7)
T & <dEA JA 4o F dA FEAE seY1e2A
SHCI FHARTHE 97t 2 85kDag vEZIAE 1 7)%50] &
SRR @ M2 fxtelrt @Al o]59] 71%E AEAHL
TR BAHE ARSle] Gold Axt HE) pH 2ol #
st slvke A& AT & A7olAE SHCI At
715S k7] st null mutants AF3} ofH 7)Fol}
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A Egi
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£2, 4te|2|of A K]

B A3 AH8E ARES Oed ZUYCL MATa cry/
MATa CRY wura3-52/ura3-52 leu2- 498/leu2- 798 HIS3/his3-
4200 TRPUtrp-Al  SHCl/shel:lacZ ; YC2MATa  cry’/MATq
CRY ura3-52lura3-52 leu2- 498/leu2-A98 HIS3/his3-A200 TRP1/
trp-Al SYClsycl:lacZ; YC3, MATa cry” CRY wra3-52 leu2-
A98 HIS3 tp- A1 shel:lacZ). E5 A7 vi=|¢} 718 ZZ< 9
3 71€ES Shermans ol QsiA AFE Au AFE o) &k
(18). Escherichia colie UrA<A LB WA (1% wyptone, 0.5%
yeast extract, 1% NaCl& 2% agar® ©]83le] u¥3hT H2e
H5te] AlE-s Tt AHEE FAAE kanamycin (KM), chloram-
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phenicol (CM), streptomycin (SM), ampicillin (AP), spectinomycin
(SPEA 22y FHF 40, 30, 100, 100, 20 ug/iml FE2 AME
st

=218 0| (Null mutant) 2| XM=

EAH0A Az FHELAYNE PCRS o) &3 i
283tk URA3 A& A'd Shuttle vector pRS3155 8
02 AMEEtY FEF 3 URAZ F-AR oF Dudd| SHCT S-RAL
9] Open Reading Frame (ORF) H}Z HPZRZd]| sigsle 407) 2
G777t FAHES oA 53 F a8 FAARA| 7| A
3}ATE SHCI 94 A4 SRS vHE7) 93} Primere] A]
g os3 2l 5-AGT ACT CCT TTG TTA AAA TCA
GGC AGT ACC CAT AAG GCG CGT TTC GGT GAT GAC-
33} 5-AAA ATA AAA GGA AGT TTG TAT TTA TCT AAG
GGT GAT GGT TCA CGT AGT3. 248 F Edolx=
uracil @R olA AEBAT. A F Z4ze] ke vjoks)
o] Alm DNAZ F% & SHCI #3429 Promoter F-E3HE] 9]
ZZo] 7bedt e} 2L PrimerZ o83 PCRE thea} 2
& el 9l FAPFHATHPSCYT ot e 5-TTC TTG
CAA TTG TCT GTT AAC AAA TGC TGA TTC AC-3, 7}2
EA 2 5.ATT GGC TAA TTC CTG TGA ATT GTA TAC
GGA CT3). 5% PCR 2HE-& SHCI #34E =93l )
o BRol ARz B oste] URA3Z FAXE X Ho)
ez Apa I AFHEA AB]F Ethidiom BromideZ ©]-23)
FAAHE A SALE EF HolFE HE AL

M=ZHE pH &3

50ml YPD HiX]o] S%5 wioF ¥ mid log phaseclA] 3,000
Xg2 5E ARl 55 MEE B2 F 25mio] A
£H02(30mM MOPS, Tris2 ZA, pH 6.0) W& the
10mie] AH-&H Buffer2 HEAF T CSNARF-1-AME
(Molecular probes, #Z& FX 10uM) THIE 10me] X &=
Aol H7} B 40 B7F A0l A] orbital shakerZ (200 rpm) B
$ 5% AZE 20me] AHEAoT Ao FA} 10ml A
Edol APHAZI F dZo RAIAT FHlE MEEe
C.SNARF-1-AM #7} ¥ 5 A7t wjo AL8-5199t). C.SNARF-1-
AME 718 A ZEE(1-2X 107 cells/ml, 2ml F5-5)) excitation
534 nm, emission 580 nmollA] EPA|7|2] HEE LSt 2z}
o] % UI§ pH ¥slE BESIHTHT).

MZ R o2 &H

HERE YPD HRE ARSI 660 nm 3o EE= 06-
0.771A] wiF T 1,900% goll A 5 B7F AAEEslHct dzha)rt
Z2)® YPD iR 2L FEE 30°ColA] Wi & 10ml X
Zyzro] AZIAE Fol Bl 1,900 gollA 5 87 Y485
Rt FFY 2ARE AHEH20mM  MgCl,  isoosmotic
sorbitoly& o[-8-3le] A&Est & YA EelE 2 kst
AEZ JHES 1] AEEdoz HE3 & A4 Hejsln

#awo] A pH 24 169

0.5mi®] 20mM MgCLell EA3lY). o} &) &2 95°CalA
15830 Hg] 5 44 235t 5L atomic absorption
9] F=E SHATHI4).

EA > E bS]

1X10° ERE HItAY #4710 NaOHE ©]83} pH 9.02
2 A X 5000x<gol A 5 E T 944 BaF A5dg oy
ato] AzAbe] Wol uwhe} 2AFEHIES =38 ohBO-
EHRINGER MANNHEIM, Germany). Acetyl-CoA synthase,
citrate synthase, malate dehydrogenase 52| A4 E o]&3l]
340 nmol X 8] FFEE g3t T52 22 FHo)) osle] &
S FA HTHC=[V X MW/eXd X v X 1000] X AA[g/I]).

dnt o nE

SHC1 2t 241 BHo|Fo| ot & 2| 820l A 8T Xl

a%E 4 pHY g skl 23 4= Qe A
 AAE AL Qo SHCIS &42E pHolMY 3L 9
gt Fagt R Foll UL LacZ AY EFHolE ALE
g AgeA FAFATKE). ©] AHE EUZ B dFore
SHC1 ¢H4 24 E¢dwolE PCR 7Y o & A)Z39u). SHCI
FARLY] Al Fele npRrlR)E PCR 7S ARESATH
(data not shown). B8k 9]F 4z pHE WalA 7] 7] sl
pH 8.5 50 mM HEPES, pH 9.5 50mM CAPS, ZL&]3 pH 10.5
50mM CAPSO 59 thFst b5 8HS Al8-3he] Hgom,
NaOHE AH-& A7 fARE 29 Re Fo o= pH
Ao AHEE SR 2HHUE G4 o2 TE HFe=w
fEHoF Aol 4Fo] AsfjEths A& B T
LacZ A9 E90l9) vlA7IA R SHCI ¢4 44 EdmolA)|
X 9% pHel| ¢t AR HAFES vlwsle] EthFig. 1).
Ztzre] MES HE pH 9.5 ET FE 50mM CAPSO)E 33
& YPD HA| v FET 2 A7k D AS T wjekstn

175 -
150

125

100

~I
w
1

50

Cell number (x10*/ml)

Time (hr)
Fig. 1. Growth rate of SHC1 deletion mutant at alkaline pH. Wild Type
(@) Ashcl null mutant (I ).
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AZAE S o]8dty JAEE SN MEFY 53 4
3} opAy, 183 SHC1 93 44 EddolFoA &9
Zpol7F vEREE & & et ¢]& SHCI #3x7F Syl =
oA AlEe] 47| ARtk AL Tl g ERlse F
Ak

tztd| X2l £ ME 2|5 pH S g2t

ERE 47 pH o SERANA thddt F579 A3t
S &83ste] Gae] 214 Hgshe Aoz d=A Ak
o] ¥izlE Poluy] 9l oA AYYE EFWIFE pH
95914 FET F AR 9 F A pHY ¥zt A=E g
SIATH®). AlZte] Aol what o E AR <] 97 pHOl AHIst
5 ;I £ Uk 2 AT SHCL /RS AAHS R
e 95 pHe| 4H3E} okl Ee wv|dle] HASHA AsH
RS & & ANTh B, oM E RO A9l 4 A A
= ZoE YPD iAo B4 pHE FESIHLE £ dFdlMe
ol¥ zpolFe] ANE W3] At AR AikEAR=
A HIALE F old 3IHE]| 2lsA A8 x| Alolz}
ABR=AE Folr 7| A FAke] dhyEEe =A3le] B
SR vjx| ] 498} g9 XolE TFEEW7] Hsled SHC1 &
A EdHolAg oY FRof U] R Ao A
A ZF7ES ARSI golHgith 4% 29 SHCL &
QuolA| o] -5 oy H ol Hlste] Ake] FulFko] AL BF
T+ AT (Fig. 2).

ARA &R pHO| X4, B3] pHE RF= FEA Z
9] 71&Eo] dEFHA gt FRe A IS dEN F
g Zido] BAE2A] AbE oI, el wiare] M Fok
Z40] Fe FE 3 12g AT Ao k. e §7g00
9] A HMAZ Jehus Bhg-2 24ke] Bilo]n Shel THYE
< o] e HAAY FO T oFdr) o]xe] AFPA de]
3AZ] A ER viR|9] Ad3} 457} SHCI null mutant®] 73
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Fig. 2. Acidification of extracellular pH by production and secretion of
acetic acid after alkali treatment. Wild Type (4 ) Ashcl null mutant
(m).
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$ oRAF e vlwste =A vEREE AT & AUTkE). S
cerevisiae®] 73-¢-oll€ 3714, F7148 229 BARL] 3FE0]
£3] 7] 2ol T=F T ool gt tiA} oA E HE
o ot FZAITE 24| Aol B o|F-o Aol 7t
37 AT oF Y] Bl EEFE o83 Ha ol
SHC1 null mutant®t} 0 A = o) o) 3 23
£ E st @neA 84 286 AHeHolAD Ut
790l selection marker2X4]2] o]-& 7}FsAL $43ld URA3,
ADE2, HIS3 59 2] "4 F3AxE2] HEAWe|3AZ] Ho)
FEo| AMgEHIA 1 Utk AP AM8-EHo{Zl SHCI null
mutant®] 7A-¢-o= ol Hlgt & O HL 4& W1 s
< F¢ 3. ADE2 ERClFY] 39~ purine ¥4 B2
Aol As A AA Gl A Zao) Aol ZH o) oM Fe
AL YA Hed $FE0] 2555 S g 248 54
Fr} o]# Hol| H]Fo] SHCI null mutant®] 7-$-oll= ok ¥
o] YubAQl Aol ddEARE Hart ofd 5FS o]
&g AuA] tALE ke Ao ot 4= Aok

l‘l
£

g2 =20 MZ L5 pH Hat

BAEE F4T 23 pH 8 7RIS 2 AolE HolA| Fte
U pH7E obEs AAES vt oo, ol 4%
§9 Zol7t viehhs ddS AE iRl pH &3 289 2
ool &ig e FEHUY. oo gt FAE 3t pHY
Aolol] &% e Hol F= FBEESL] CSNARFE AHE-
so] Zkzke] wold W2 pHe| Wl we AE WR-o] pHE
EF43tAct. @A AE R pH 53E A% I HE
F 7F¢ sk WA AE U pHe WdE 23 8 &
A WY T shiEA ¥R GA2LE A8l pHE 37
3k Wit dZe pH $EEAT} oPE BRI AU
2 FASE wele] SHC1 248 E9uiole] 739 ok E div]
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Fig. 3. Buffering effect of SHCI gene in the regulation of intracellular
pH against extracellular pH. Wild Type (@ ) Ashcl null mutant (Il ).
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Fig. 4. Change in intracellular concentration of Na* and K* after alkali
treatment. (A) K*, (B) Na* Wild Type (4 ) Ashcl null mutant (Il ).

%o} pH W5} % 33 W13 AvHI) A 4ol pHrt
¥oldss ATNR-Y pHY WP} 7HE HeE d5 AT
(Fig. 3).

MZ LR ol2 &3

AZU pHe 23 7ol o2 H=E 9 F4A7) A=
Ro g A7 Ayt dxsoe] gtk 53] KY/H' antiporter
(KHA)®} Na*/H* exchanger (NHE) pHE 24T Ao 2 d#A
ATh(1,2,21). o]E HEZE] &7 A pHE 2ET Ao
Z ) FEh5)9). ©] FollA KHAZE B S 598 Zlo 2 BZE
=H|, ol+ ERUl9 K9} FE7F Nat o]9] Fxd H|gl 5-
108 Az 7] W&ot pets g 2AAM &2 K
ol&9] ofzo W& H o] Y& T3t AlZW pHE
BE Aoz d&g). o] /M-S T Y3l oE &R
9} SHCI 47 Ed¥olE dZed HeEldr & Az R Alxy
K* o]} Naol29] TEg &7 3Yr) Na*9] F=% NaOH
7t Foll A%AQ) F7HE Holn SHCI 24 Edwole) o
3 Alole] Fo|HE Bolx] Ygror} K] 9ol NaOH 3
7l 2% vz LISt QM BT Phdke e o
gom, Zasklxs SHCL 24 EdHole] Aol 203 %

awel N3 pH 22 171

izl

Be Pol 22T FASKHATHEg 4. A2t Bolstele o
AsjolAlE Ko o] Bato] BT we] mEw g W)
o AYE S5l K9l BEo] Yol e} o) Uele mr
olel Ui Fabge) F7io] mhe ol Hajol Z1% A
o2 Bw H3 glek. Tt ols 4GSl 9% pH Lo}
2 3ol olFola o] ohd 24 BSNA olFola el
B A7l BEiR Fshel el Yhsle] FAEEL A7
Ak, @) asrs nlze dole Bgelde SR B ol
29) fol Ak3t eieka sk o) vk o Fho]

B ZA9EE B olee f&ol Hold WA Ko 4% 9

A HoART T & ek, w3 o] S Ry e A

E2M AR K Tt 255 29 AM-Eo| FolA
] ol Wae} 24be] Astere] Gollthal BILE Th(16).

5o UFE YF B oMELIe] FAHEZA AtE ol
o} X9l o] Whg FoF 24k k2 2H B 125 A%
ALl Ak, g #4049 A MR vehue v
OPHEALe] EHlojn Shel AL o] Aol JAZ RO
dAatEth F Wale awe] A9 H-ATPase (PMAl1)0] HIX
5o} pHoll Aol A 9EE she Ao dEA Aok
ExFo] Ae FFolA H-ATPase7t BA3t= 1 97 wijz]|9|
FH QY3 AR S| Aot} =gl 28 =41 &9} vl
A Shel Sid2 A4 B2 7HH O 8 H-ATPaseE 24
sle ©JF pHE W& Zlo|th Al MR wigelo}, &7, AR}
2 vAEES o 5ET A8l FZF 10~20%8 =
wko. k9] polyphosphates X5 1TH10,15). Polyphosphate
o] g%z FA=o] A= 3 JIXE AE U pHeY ¢ 2
ojt}. Phosphate®] #3f| Zhgo] dZda] 2EH 20 g B3V
ZrozA 283 o= o Fdrhil).

HAfel &

o] =L 1999d% F=eExIgA e Aol st AT
5 2-&-(KRF-99-041-D00361 D4001)

FHu=d
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ABSTRACT: Regulation of Intracellular pH by SHC1 in Saccharomyces cerevisiae
Sung Gil Ha, Joon Cheol Jeon, and Eui Yul Choi* (Department of Genetic Engineering, Hal-
lym University, Chunchon 200-702, Korea)

Budding yeasts maintain an effective system to regulate intracellular pH in response to environmental pH fluc-

tuation. In a previous study we reported that SHCI1 plays a role in cell growth at alkaline condition, not at acid

pH. We constructed a null mutant deleted an entire open reading frame for SHC1. To test whether the retardation

in cell growth was caused by the absence of intracellular pH buffering capacity, we measured intracellular pH

with a pH-sensitive fluorescent dye, C.SNARE. The intracellular pH of the mutant cell was much higher than

that of wild-type cells, indicating that the mutant cells lack some types of buffering capacity. We also inves-

tigated the level of Na™ and K™ content with atomic mass spectroscopy after alkali shock. Wild-type cell showed
a higher level of intracellular K content, whereas there was no difference in Na * level. The result suggested that
K" is more important in the regulation of intracellular pH in yeasts.



